Data Envelopment Analysis (DEA) has been one of the most important tools on measuring the relative efficiency of different similar units such as transportation systems using terminals, airports, etc. In this study, we perform an empirical analysis on Iranian airports based on DEA methods to measure the efficiencies of various airports. One of the primary issues on many traditional DEA methods is that the data are almost always contaminated with noise. We use a DEA method which could handle the uncertainty associated with input and output data. The results of this comprehensive study show that most of the active airlines are practically inefficient and the government could significantly increase the efficiencies of the airports by setting new regulations and rules.
Introduction
DEA has become one of the most important techniques on measuring the relative efficiency of different units especially when the units do not generate any profit (Wu et al. 2010; Pulina et al. 2010 ). There are literally significant numbers of evidences when profit is not the primary goal of a group of organizations such as governmental schools, Airport transits, etc. Therefore, one may wish to set some targets to measure the relative efficiencies of these units and monitor the targets using DEA techniques. A traditional method to measure the relative efficiency is the direct implementation of DEA methods. The method uses some inputs and outputs and measures the dual variables associated with all inputs/outputs. Sarkis (2001) is believed to be the first one who uses DEA for 44 airports in United States for a five years period and provides good benchmark for monitoring and improving the weak airlines. Martin and Roman (2001) use DEA to measure the performance of 37 major Spanish airports using three inputs of the number of employees, the capital and the fixed assets. They also consider the number of flights, the number of passengers and the net income as the outputs of their model. They also perform a sensitivity analysis using two approaches of constant return to scale and variable return to scale (Banker, 1984) . Fernandes and Pacheco (2002) analyze the capacity of 35 million airport facilities in Brazil using DEA method in order to find the efficiency of providing passengers' services. Lin and Hong (2006) use DEA for measuring the relative efficiency of major international airports. In their DEA implementation, they use five inputs of the number of employees, the landing band length, the parking size, the airlines stations and the terminal spaces. Using the three outputs of the number of passengers, the cargo and number of trips, they implement DEA and extract the ranking of various airlines in four groups. Tseng, et al. (2008) perform a comprehensive study on the performance evaluation of major international airports in the world. Wang et al. (2004) perform similar study on Taiwan airports. Barros (2008) also uses DEA for different airports in Argentina and analyzes the results in economic crisis. Pels et al. (2003) examine the performance of the European airlines using DEA and report that the airlines are mostly efficient. Lam et al. (2009) analyze different dimensions of operational efficiencies in major Asia Pacific airports through DEA models which are used for external macroeconomics and price factors and they report that technical, scale and mix efficiencies are high among the major Asia Pacific airports. DEA also can be used as an efficient tool for measuring the total factor productivity (TFP). Yoshida and Fujimoto (2004) use DEA for measuring the relative efficiency of Japanese airports and report TFP using endogenous-weight TFP methods and discuss whether there is any over-investment in Japanese regional airports. There are also other survey based techniques for evaluating the performance of different airports. Yeh and Kuo (2003) , for instance, use fuzzy multi-attribute decision making technique to evaluate passenger service quality of 14 major Asia-Pacific international airports using different surveys. The primary concern on the method is the existence of noise on the data and this could impact the results of the relative efficiencies. Traditional DEA is normally formulated as linear programming problem and it can be solved for optimality using a direct implementation of Simplex method. The nature of uncertainty often is not clear and there is not much information about the behavior of the noise. One simple assumption may often hold with uncertainty is that the data has symmetric unknown distribution. This is the basic assumption of robust optimization techniques developed by many scientists. See to learn more about uncertainty and robust optimization but one important issue is the effects of uncertainty on the output results on a regular linear programming problem. Ben-Tal and Nemirovski show that a small change on some benchmark linear programming problems could generate some results which are neither feasible nor optimal. They also propose a new technique based on recent robust optimization methodologies which could immune the output results from the infeasibility by losing some of the optimality. The robust method of BenTal and Nemirovski is based on having a counterpart which is mapped inside the feasible region. Therefore, the robust technique changes the structure of an ordinary linear problem into a nonlinear problem. propose a new robust optimization technique where the structure of the new robust problem is the same as the original one, e.g. in the case of DEA, the robust optimization model is formulated as a linear programming problem. Note that the robust solutions for Bertsimas and Sim's method are usually less conservative than Bertsimas method. Omrani (2009, 2010) are believed to be the first who use the idea of robust optimization on the context of DEA. They examine different robust optimization techniques on traditional DEA and report some promising results on various electricity and telecommunication regularities. In this paper, we perform an empirical analysis on RDEA for Iranian regional airports and discuss the results in different situations. This paper is organized as follows. We first present the problem statement of the RDEA. The implementation of our RDEA is presented in the next section and we carefully analyze the results using DEA and RDEA and discuss the differences using some statistical tests.
Problem statement
Let ij x be the inputs for a decision unit with i=1,…,m and rj y be the outputs with r=1,…,s and j=1,…,n. Let Note that the first constraint also becomes linear using a simple manipulation. Problem (2) has been widely used for the past three decades and the results are commonly accepted as a tool to measure the relative efficiency of different units. However, when there is uncertainty with the inputs and the outputs, one may use different techniques to make sure that a small change on input/output data does not change the output rankings.
Robust optimization
Consider a linear programming problem of the following form, min w c′ Problem (7) is linear programming problem where e is a vector of uncertain values, Γ is the budget of uncertainty, p and q are new dummy non-negative variables associated with uncertain parameters in (6). As we explained earlier, there are two advantages associated with Bertsimas and Sim's robust model. First, the robust DEA is still linear in the structure although we need to add some additional auxiliary variables. Second, Γ adjusts the uncertainty associated with all parameters. Next section, we examine two models (2) and (7) and compare their results using some statistical technique.
Experimental Results
In this section, we present the implementation of the proposed RDEA. In Iran, all domestic and international airports are managed by the government and privatization has not implemented to this industry yet. Although some the management of small parts of the airports are privatized but the actual privatization of the airports has not appeared. There are many reasons behind the government's decision and one of the most important one is the key element is the security. For the past three decades, the Iranian airports have never had any high-jack experience. Although security plays a key role on airport industry, having an efficient airport is also a goal for the government. The government subside the airport industry significantly by providing low price fuel and other services. However, the new regulation has requested all Iranian industries to increase their TFP significantly. In fact, the new regulation implies to increase the growth domestic product by eight percent per year and one third of this growth must come from the increase in productivity. One practical way to increase the productivity is to increase the efficiency of airport industry. In Iran, there are over 57 different airports but most of them are almost inactive and there are very few regular flights. Therefore, we decided to choose 21 active airports to provide a meaningful comparison. Table 1 shows the inputs and the outputs used for our DEA implementation. We first use the regular DEA model where there is no uncertainty associated with all input parameters. As usual, there are some units with the efficiency of one and we use the relaxation method given by Anderson (2004) to rank the most efficient units. The results indicate that eighteen units use their terminal space very efficiently. The other observation is that none of inefficient airport transits could use their band length optimally. For instance, Shiraz airport could reduce its band length up to 4490 meters. In terms of the output parameters, among three outputs, any increase on the number of flights could significantly affect the efficiencies of all non-productive airports. Next, we use the RDEA model to study the effects of the uncertainty on ranking of different airports. Table 2 
where ξ is the number of uncertain parameters and Φ is the CDF of a Gaussian distribution. However, for the case of our proposed method since there are only 3 inputs and outputs uncertain parameters we choose 3 = Γ as recommended by Sadjadi and Omrani (2009) . The fourth and the fifth columns of the table (2) summarize the results of the efficiencies of all units. Obviously, as the level of uncertainty increases, all units' efficiencies decrease. For instance, Ahvaz airport is known as one of the most actives units in crisp model but in our robust model the efficiency is reduced to about 82% when the level of uncertainty for all input parameters is 0.1. One important point of this research is to study the effects of the overall ranking between the nominal and robust DEA methods. We have set up a null hypothesis of having the same ranking for both methods and perform a statistical test based on Spearman Pearson (Maritz (1981) 
where n is the number of units and i d is calculated as a difference between the rankings of two methods.
Using on the results of table (2) One of the most important issues on the implementations of DEA is to study the effects of a particular input or output on overall efficiencies of each unit. In other word, one single input may have significant influence of a unit but this factor may not necessarily play an important role on other units. We have run DEA method by deleting a single input or output each time. Since there are three inputs, three outputs and 21 units, we need to run 126 sub-problems. We have also studied the effects of all six the inputs and the outputs on efficiencies of the efficiencies. One important observation is that, among six factors, only cargo was the most influencing parameter for Mehrabad unit which could reduce the efficiency from one to 0.7051 which is a significant reduction of 0.2949. The influence of the other factors was not as significant as the cargo one and is not reported here.
Conclusions
In this paper, we have examined data envelopment analysis for major Iranian airports to measure the relative efficiencies of various airports. The results of our proposed method indicate that there any only a few airports running efficiently and most of the Iranian airports are economically inefficient. The two major airports, Imam Khomeini and Mehrabad, located near the capital city of Iran are determined to be the most efficient units. However, the relative efficiencies of most of the other airports located in different regions of Iran are less than 50 percent. Since the input/output data used in this study may be subject to uncertainty, we have used a robust technique to measure the relative efficiencies. The statistical tests indicate that the results of ranking of the robust optimization method are the same as the crisp model.
